We study the consequences of the previously overlooked fact that in most quasi-one-dimensional 
It has recently been predicted that fullerene tubules have a Peierls ground state [I] . Widely studied materials include inorganics [MX chains [2] , the platinum chain compound KzPt-(CN) 4Bro 3, and the charge-density-wave compounds NbSe3 and Ko3Mo03] and organics [trans-polyacetylene (CH)» [3] and the charge-transfer salt TTF-TCNQ].
Below a three-dimensional transition at Tp each chain has a periodic lattice distortion with twice the Fermi wave vector, 2kF, resulting in a gap in the electronic spectrum at the Fermi surface. Although the lattice distortion increases the elastic energy, the gap preferentially decreases the electronic energy, making the PeierlsFrohlich state energetically favored over the metallic state.
It is commonly held that the electronic properties of the three-dimensionally ordered state are well described by mean-field theory [4] and that the phonons can be treated in the mean-field approximation, i.e. , a static lattice is assumed. However, we point out two discrepancies with experiment. (i) For all temperatures the optical absorption a(to) is predicted to be zero for frequencies less than the gap, 2h"and contain an inverse-square-root singularity at co=23,. The observed optical absorption is quite diflerent [5, 6] . The singularity is absent, and there is a significant tail below the maximum. Furthermore, as the temperature increases, broadening of the spectrum occurs on an energy scale much larger than kT.
(ii) The energy gap deduced from the absorption edge is smaller than the activation energy of the dc conductivity [6] . We also point out that there is no accepted theory of the temperature dependence of the lattice distortion and the gap parameter. Most measurements are compared to empirical formulas or the mean-field (BCS) form with a renormalized transition temperature [7] . Attempts have been made to explain some of these facts in terms of solitons [8] , disorder [6] , and imperfect nesting [9] .
In this Letter, we show that the above properties can be consistently modeled, without invoking additional interactions such as disorder, Coulomb interactions, or inter- [10] [11] [12] that this causes only a small reduction in the dimerization below the mean-field prediction. (u(x)u*(x')) =u(i+(Su)'coth(rupl, , /27')~&(» -x') .
Behavior consistent with this equation was observed in quantum Monte Carlo simulations [10, 11] performed for the SSH model [3] of trans-polyacetylene
We find th. at the random configurations generated for a 16-site system are very similar to those found in Ref. [10] . [6] .
Reduction of the gap parameter and lattice distortion at zero temperature. - Figure 3 Fig. 3 shows a significant decrease in this range, as has been observed [7] . The reduction of the transition temperature Tp well below TMF (Fig. 3, inset) is in contrast to the conventional view [4] that Tp is determined by the competition between quasione-dimensional thermodynamic fluctuations and interchain interactions. Our model neglects these fluctuations and so overestimates Tp [181. Nevertheless, solely as a result of the thermal lattice motion, we can conclude that the ratio h(0)/kTp can be well above the mean-field value of 1.76.
Finally, we speculate that electron-electron interactions [13] will reduce the effect of the zero-point motion only when they provide the dominant contribution to the gap. 
